In this research, the Buoyancy heat transfer and flow patterns in a partially divided square enclosure with staggered partitions have been studied numerically. The partitions were distributed on the lower and upper surfaces of the box in staggered manner. The height of the partitions was varied. The conduction heat transfer through the fins (partitions) was also included. It is assumed that the vertical walls of enclosure were adiabatic and its horizontal walls were maintained at uniform but in different temperature. The problem was formulated in terms of the stream function-vorticity procedure. The numerical solution based on the transformation of the governing equations by using finite difference method was obtained. The effect of increasing the partition height and Rayleigh number on contour maps of the stream lines and temperature were reported and discussed. In addition, the research presented and discussed the results of the average Nussult number of the enclosures heated wall at various Rayleigh number and dimensionless partition heights. The results showed that the mean Nussult number increases with the increasing of Rayleigh number and decreases with the increasing of partition heights. The distributed heat by conduction through the partition increases with the increasing of the partition height especially at (H/L ≥ 0.3). A comparison between the obtained results and the published computational studies has been made and it showed a good agreement with percentage error not exceed (0.54%).
[7] study numerically the natural convection in inclined rectangular enclosure with perfectly conducting fins attached to the heated wall. The parameter governing this problem are the Rayleigh (1E2-2E5), the aspect ratio (2.5-10), and the inclination angle (0-60 o ). the results indicate that the heat transfer through the cover is considerably effected by the presences of the fin. Also at low Rayleigh numbers the heat transfer regime is dominated by conduction. In the present study, natural convection in partially staggered partitioned square enclosures is considered. The vertical walls are assumed to be adiabatic and horizontal top and bottom walls are kept at constant but different temperatures.
The partitions having finite thickness and finite thermal conductivity are attached to the bottom and the top walls of the enclosure in staggered manner. A computer program is developed on the basis of the finite difference method. The fluid flow and temperature fields are predicted for different Rayleigh numbers, and partition heights. From the temperature fields predicted, the average Nusselt numbers are calculated.
The mathematical model
The physical domain considered in this study is a (2-D) square enclosure with partially divided staggered partitions which is shown in Fig. (1) The length of the side of the square is denoted by (L). The thickness and length of partitions are represented by (d and H), respectively. Considering, steady laminar, twodimensional, natural convective flow inside partitioned enclosure. The temperatures (Th) and (Tc) are uniformly imposed on two opposing horizontal walls such that (Th> Tc) while the other walls are assumed to be adiabatic. Fig. (1) Shows the schematic and coordinate system of the problem under consideration. The fluid is assumed to be incompressible, Newtonian and viscous and has constant thermo-physical properties except the density in the buoyancy term of the momentum equations. The effect due to viscous dissipation is assumed to be negligible. The governing equations for this problem are based on the balance laws of mass, linear momentum and energy. Taking into account the assumptions mentioned above, and applying the Boussinesq approximation for the body force terms in the momentum equations, the governing equations can be written in dimensionless stream function-vorticity form as: 
Where: the dimensionless stream function and vorticity are defined in the usual way as:
For the solid region (in the partitions), the energy equation for the heat transfer by conduction (Eq. (3)) becomes:
The following equation was defined for the interface between the solid and fluid [8] :
Where: (Kf) and (Ks) is the thermal conductivity of fluid and solid respectively, (n) represent the normal distance.
The governing equations are converted into the nondimensional form by defining the following nondimensional variables:
, ,
The equations (1, 2, 3, 5) 
Numerical Solution
The governing equations (1,2,3,5) are solved by finite difference scheme which used central differencing for the second order derivative and upwind or one-sided differencing for non linear first order convective terms. The role of upwind differencing procedure in stabilizing the numerical scheme has been well documented. The application of this scheme to free convection flow at high Rayleigh number is discussed in [9] .
Following is the procedure in [9], the governing finite difference equations for ( ζ, Ө, and ψ) can be written in the standard five point formula form. These finite difference 
…(9)
Where (h) is the step size and (γ ζ , γ θ , γ ψ , and γ θso ) are over relaxation parameter which depend on the mesh size and fluid mechanical parameters and (A ζ , A θ ) are given in [9] .
For the interface region, the equation (6) is solved forward or backward according to the location of the partition. The final form of equation (6) In the partition regions (k r ) is taken as (8416.66) (which represents the ratio of the thermal conductivity of aluminum to that of air). Computations are performed at different Rayleigh numbers in the range (10 3 , 10 4 , 10 5 , 3*10 5 , 4*10 5 , 5*10 5 , 7*10 5 , and 10 6 ), for the different dimensionless partitions heights. In order to investigate fluid structure and heat transfer, the streamline and isotherm contours are drawn and mean Nusselt number is calculated from the local Nusselt number for each case. Fig.( 2) shows the temperature contours for different Rayleigh numbers plotted for a (H/L=0.0) case (no partition) with adiabatic vertical walls. As seen in Fig. (2) , when the Rayleigh number increases, the temperature gradient next to hot and cold wall increases. Also development of the plume effect can be seen as the Rayleigh number increases.
In Fig. (3) , the streamline contours for different Rayleigh numbers are plotted, at low Rayleigh number there are two circulating cells with opposite direction in the lower half of the enclosure, as the Rayleigh number increased the two circulating cells stretched and shifted upward, also the flow (stream function) become more strongly. Fig.(4) shows the temperature contours for different Rayleigh numbers for (H/L=0.1). also when the Rayleigh number increases, the temperature gradient next to hot and cold wall increases. But the symmetry of the temperature region about the vertical mid line change duo to the presence of the partitions which develop conduction heat transfer. It can be seen that the plume temperature region shifted to the right wall duo to the staggered distribution of the partitions.
In Fig. (5) , the streamline contours for (H/L=0.1) are plotted, the two circulating cells with opposite direction also found in the enclosure, the effect of staggered partitions clearly seen by shifting the right circulating cell to the right wall, as the Rayleigh number increased the two circulating cells stretched and shifted upward, also the strength of the flow become more strongly. Fig.(6) shows the temperature contours for different Rayleigh numbers for (H/L=0.2). The temperature distribution continuous to move toward the right vertical wall which demonstrate the effect of heat conducted from the lower partitions (especially from the second and the third partition). the left circulated cell of the streamline contour for the same value of (H/L) will growth as the Rayleigh numbers increases, that growth will squeeze the other cell. A third cell will appear at the high Rayleigh number, that is clearly appear in fig.(7) .
As the height of the staggered partitions increases (H/L=0.3, 0.4, 0.5) Fig. (8, 10, and 12) , the conduction heat transfer will dominate in the enclosure and the effect of heat transfer by convection will be less than of conduction heat transfer due to increase the height of the partitions, in other word the heat exchange by conduction between the hot partitions and the cold one is increased as they come close to each other. Also the plume effect will diminish after the ratio (H/L > 0.3) which illustrate the dominate of conduction heat transfer on the convection heat transfer.
For the flow inside the enclosure, increasing the height of the staggered partitions will effect the streamline contour strongly, as shown in Fig.(9, 11, and 13 ) the number of circulating cells will increase until almost each of the zones between the partitions will contain one cell, that is clear at (H/L ≥ 0.4), also the gradient of stream As shown in Fig.(14) , the heat transfer rate or the average Nussult number increase with increasing the Rayleigh number for each dimensionless partition height. and decrease as the dimensionless partition height increased for each Rayleigh number, as the Rayleigh number and dimensionless partition height increase (Ra=10 3 to 10 6 ) and (H/L = 0.0 to 0.5) respectively. The increasing in heat transfer will change from (23% to 11%). 
